Introduction {#S0001}
============

Gastric cancer (GC) is one of the most common malignant tumors and the third leading cause of cancer-related deaths worldwide.[@CIT0001] In China, GC ranks second in incidence and mortality.[@CIT0002]--[@CIT0005] Over 80% of patients with GC are diagnosed at an advanced stage with poor clinical outcome and a low 5-year survival rate of \<20%.[@CIT0006],[@CIT0007] Chemotherapy is the recommended treatment in China but the benefits are limited. Consequently, it is crucial to explore and optimize treatment strategy to improve the survival benefit of patients with GC.

In recent years, anti-angiogenic therapy has become a main treatment choice for cancer patients, and some angiogenesis inhibitors have shown favorable efficacy in lung, breast, colon and gastric cancers.[@CIT0008],[@CIT0009] Apatinib is a small-molecule tyrosine kinase inhibitor (TKI) that highly selectively binds and inhibits vascular endothelial growth factor receptor 2 (VEGFR2). The Phase II and Phase III clinical trials have shown that apatinib exhibits promising efficacy and tolerable safety profile in patients with chemotherapy-refractory advanced or metastatic gastric carcinoma,[@CIT0010],[@CIT0011] and apatinib has been approved in advanced gastric cancer for third-line treatment in China. In addition, many other clinical studies have also investigated the efficacy and safety of apatinib in many cancers including GC, and also proposed some concerns such as the optimal treatment dosage of apatinib, combined regimens, the incidence of apatinib specific adverse events, and the biomarkers for prognosis prediction, which are difficult to demonstrate by conducting randomized clinical trials (RCTs) with large sample sizes.

Recently real-world study has become an important tool in generating evidence for safety and effectiveness to support further study design of RCTs. However, the data of apatinib treatment in the real-world setting are limited. Therefore, we conducted this real-world study to understand the current treatment pattern of apatinib in advanced gastric cancer, investigate the effectiveness and safety of apatinib in real-world settings, and explore the potential factors that are related to the clinical outcomes.

Patients and Methods {#S0002}
====================

Patients {#S0002-S2001}
--------

Patients with histologically confirmed diagnosis of advanced gastric cancer and age ≥18 years old were eligible for enrollment. If the patients had allergy to apatinib or other excipients, were pregnant or lactating, or another contraindication for apatinib, they were not enrolled in the current study. In addition, the patients who were not eligible for this study according to the physician's discretion were not enrolled in this study.

Study Design and Treatment {#S0002-S2002}
--------------------------

This was a prospective, multicenter observational study in a real-world setting. The eligible patients received apatinib monotherapy or apatinib plus chemotherapy. The chemotherapy regimens included docetaxel, paclitaxel, capecitabine and oxaliplatin (XELOX), 5-fluorouracil (5-Fu), epirubicin+oxaliplatin+capecitabine (EOX), docetaxel+cisplatin+fluorouracil (DCF). Based on physician's discretion and patients' approval, apatinib could be used as first-line, second-line, or third-line and above therapy. Apatinib was administered (250 mg or 500 mg) once daily. One cycle of treatment consisted of 28 days. And the dosage was adjusted by the physician based on the patient's individual conditions.

Progression-free survival (PFS) was the primary endpoint and defined as time from the date of entry to the date of disease progression or death from any cause. The secondary endpoints were overall survival (OS), objective response rate (ORR), disease control rate (DCR) and safety profile. The OS was defined as the time from entry to the date of death or the last follow-up. The ORR included the complete response (CR) and partial response (PR); the DCR included the CR, PR, and stable disease (SD). For safety profile, the incidence of adverse events (AEs), treatment-related AEs, and apatinib-related specific AEs were assessed.

Demographic and baseline data were collected. All patients were followed up for at least 1 year. Subgroup analyses were conducted according to possible survival relevant factors (such as combination regimens, and numbers of metastasis). Multivariate analysis was used to identify independent prognostic factors for survival outcomes.

Statistical Analyses {#S0002-S2003}
--------------------

The safety population comprised all patients who received at least one dose of apatinib and had available case report form data. The effectiveness population comprised all patients in the safety population. Rates were compared using the *χ*^2^ test. PFS, OS and survival rates were estimated using Kaplan-Meier methodology. The multivariate backward Cox regression analysis was used to identify independent prognostic factors for survival outcomes. Statistical analyses were performed using Statistical Analysis Software version.

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

Between September 1, 2017 and April 15, 2019, 737 patients with gastric cancer treated with apatinib were enrolled and included in the FAS population. Of all patients, 54.9% were treated with apatinib monotherapy and 45.1% with apatinib combination therapy. A total of 44.1% patients received apatinib as first-line treatment, 28.2% as second-line and 27.7% as third-line and above. The patient characteristics are shown in [Table 1](#T0001){ref-type="table"}. The median age was 64 years (IQR 54--71), 540 were male and 197 were female patients. Most patients (95.2%) were with ECOG PS 0--1. All the patients were diagnosed with advanced gastric cancer, and 58.63% of patients were identified to have metastases. According to the treatment regimens and treatment lines, we divided the patients into six groups ([Table 1](#T0001){ref-type="table"}). The patients who received apatinib monotherapy as the first-line treatment were regarded as the F-A group; those who received apatinib plus chemotherapy as the first-line treatment were regarded as the F-C group; those who received apatinib monotherapy as the second-line treatment were regarded as the S-A group; those who received apatinib plus chemotherapy as the second-line treatment were regarded as the S-C group; those who received apatinib monotherapy as the third-line and above treatment were regarded as the T-A group; those who received apatinib plus chemotherapy as the third-line and above treatment were regarded as the T-C group. There were no significant differences in baseline characteristics between the apatinib monotherapy and combination therapy groups in different treatment lines.Table 1Patient CharacteristicsCharacteristicsF-A (n=135)F-C (n=190)*p*-valueS-A (n=126)S-C (n=82)*p*-valueT-A (n=144)T-C (n=60)*p*-value**Sex**0.0030.8260.647Female46(34.1%)37 (19.5%)34 (27.0%)21 (25.6%)43 (29.9%)16 (26.7%)Male89 (65.9%)153 (80.5%)92 (73.0%)61 (74.4%)101 (70.1%)44 (73.3%)**Age**0.8430.2780.507≥6569 (51.1%)95 (50.0%)61 (48.4%)46 (56.1%)60 (41.7%)22 (36.7%)\<6566 (48.9%)95 (50.0%)65 (51.6%)36 (43.9%)84 (58.3%)38 (63.3%)**Surgery**0.5390.5860.842No60 (44.4%)91 (47.9%)49 (38.9%)35 (42.7%)65 (45.1%)28 (46.7%)Yes75 (55.6%)99 (52.1%)77 (61.1%)47 (57.3%)79 (54.9%)32 (53.3%)**Chemotherapy**0.8960.4190.120No94 (69.6%)131 (68.9%)1 ( 0.8%)0 (0%)0 (0%)1 (1.7%)Yes41 (30.4%)59 (31.1%)125 (99.2%)82 (100%)144 (100%)59 (98.3%)**Number of metastases**0.2710.3740.515\>28 (12.9%)17 (19.8%)22 (28.2%)12 (21.4%)26(27.4%)10(22.2%)≤254 (87.1%)69 (80.2%)56 (71.8%)44 (78.6%)69(72.6%)35(77.8%)**Histologic type**0.9940.7590.487Moderate/well20 (14.8%)29 (15.3%)21 (16.7%)17 (20.7%)27(18.8%)14(23.3%)Poor57 (42.2%)80 (42.1%)61 (48.4%)38 (46.3%)59 (41.0%)27 (45.0%)Unknown58 (43.0%)81 (42.6%)44 (34.9%)27 (32.9%)58 (40.3%)19 (31.7%)**Radiotherapy**0.3990.3680.021No135 (100.0%)189 (99.5%)122 (96.8%)81 (98.8%)132 (91.7%)60 (100%)Yes0 (0.0%)1 (0.5%)4 (3.2%)1 (1.2%)12 (8.3%)0 (0%)**Dose adjustment**0.7470.3820.0930120 (88.9%)171 (90.0%)114 (90.5%)71 (86.6%)128 (88.9%)48 (80.0%)115 (11.1%)19 (10.0%)12 (9.5%)11 (13.4%)16 (11.1%)12 (20.0%)[^2]

Effectiveness {#S0003-S2002}
-------------

When apatinib was used in first-line treatment, the ORR was, respectively, 9.09% and 16.42% for apatinib monotherapy and combination therapy groups, and DCR was 78.41% and 89.29%, respectively. Although there was no statistical significance, a trend was observed that patients who received combination therapy could achieve higher ORR and DCR. There were four patients who achieved CR including one in the monotherapy group and three in the combination group. Most patients achieved SD (69.3% vs 72.9%) in the monotherapy and combination therapy groups.

In second-line and third-line and above treatment, no patients achieved CR. And most patients achieved SD (70.4% vs 74.6%) in second-line treatment for the monotherapy and combination therapy groups, and (70.1% vs 81.8%) in third-line and above treatment. In second-line treatment, no significant difference was identified between the monotherapy and combination therapy groups with the ORR of 12.35% vs 9.52% and the DCR of 82.72% vs 84.13%. In third-line and above, the DCR was 81.82% vs 76.59% with no significant difference between the two treatment groups ([Table 2](#T0002){ref-type="table"}).Table 2Response of Patients to Monotherapy and Combination Therapy in Different Treatment LinesResponseF-A (n=88)F-C (n=140)*p*-valueS-A (n=81)S-C (n=63)*p*-valueT-A (n=97)T-C (n=44)*p*-valueCR1(1.1%)3(2.1%)-0(0%)0(0%)-0(0%)0(0%)-PR7(8.0%)20(14.3%)-10(12.3%)6(9.5%)-4(4.1%)0(0%)-SD61(69.3%)102(72.9%)-57(70.4%)47(74.6%)-68(70.1%)36(81.8%)-PD19(21.6%)15(10.7%)-14(17.3%)10(15.9%)-25(25.8%)8(18.2%)-ORR (95% CI)9.09% (4.01--17.13)16.42% (10.71--23.62)0.16712.35% (6.08--21.53)9.52% (3.58--19.59)0.6320%2.84%\
(0.78--7.10)0.315DCR (95% CI)78.41% (68.35--86.47)89.29% (82.94--93.88)0.52182.72% (72.70--90.22)84.13% (72.74--92.12)0.94681.82%\
(67.29--91.81)76.59%\
(68.73--83.31)0.722

For survival outcomes in all patients, the mPFS of the first-line, second-line, and third-line and above therapy was 5.72, 5.52, and 4.87 months, respectively. The mOS of the first-line, second-line, and third-line and above therapy was 7.63, 7.5, and 7.5 months, respectively. The mPFS of the monotherapy and combination therapy was 4.61 and 6.38, respectively. The mOS of the monotherapy and combination therapy was 6.51 and 8.88 months, respectively ([Figure 1](#F0001){ref-type="fig"}). In the first-line treatment, patients who received combination therapy achieved significantly longer mPFS (6.18 vs 3.52 months, *p*\<0.01) and mOS (8.72 vs 5.92 months, *p*\<0.01) compared with monotherapy. And the 6-month PFS rate (38.72% vs 51.28%, *p*=0.02) and 12-month PFS rate (12.57% vs 26.69%, *p*\<0.01) were also significantly higher in the combination therapy groups. In the second-line treatment, the mPFS (6.42 vs 5.33 months) was longer in the combination therapy group with no significant difference, and the mOS was similar between the two groups (7.30 vs 7.50 months). In third-line and above treatment, a trend was also observed with longer mPFS (6.68 vs 4.47 months) and mOS (10.63 vs 6.51 months) in combination therapy compared with those in monotherapy ([Table 3](#T0003){ref-type="table"} and [Figure 1](#F0001){ref-type="fig"}).Table 3Survival Analysis of Patients to Monotherapy and Combination Therapy in Different Treatment LinesSurvivalF-A (n=135)F-C (n=190)*p*-valueS-A (n=126)S-C (n=82)*p*-valueT-A (n=144)T-C (n=60)*p*-valuemPFS (95% CI)3.52 (2.66--5.92)6.18 (5.26--7.73)\<0.015.33 (3.26--9.08)6.42 (2.76--8.45)0.774.47 (3.09--5.95)6.68 (3.16--9.47)0.376 month (%) (95% CI)38.72% (29.16--48.18)51.28% (43.11--58.85)0.0248.58% (38.72--57.74)51.88% (39.96--62.53)0.6440.13% (30.69--49.37)50.36% (35.13--63.77)0.1712 month (%) (95% CI)12.57% (5.01--23.76)26.69% (18.23--35.87)\<0.0133.55% (22.23--45.24)25.88% (13.63--39.98)0.2418.96% (10.38--29.51)17.48% (6.26--33.36)0.80mOS (95% CI)5.92 (4.28--7.63)8.72 (7.40--10.53)\<0.017.50 (4.83--12.70)7.30 (4.90--9.64)0.946.51 (5.59--9.54)10.63 (5.72--14.14)0.136 month (%) (95% CI)49.09% (39.07--57.12)66.40% (58.17--73.38)\<0.0155.81% (45.49--64.94)58.85% (46.44--69.31)0.6654.89% (44.31--64.26)66.40% (49.33--78.87)0.1212 month (%) (95% CI)30.80% (19.71--42.57)35.29% (25.54--45.16)0.3927.86% (14.63--42.75)34.16% (24.87--43.65)0.0724.59% (13.63--37.25)38.17% (20.42--55.75)0.05 Figure 1The survival outcome of different threatment lines and treatment regimens for all patients. (Up) The mPFS (left) and mOS (right) of the first-line, second-line, third-line and above therapy. (Down) The mPFS (left) and mOS (right) of the monotherapy and combination therapy.

Exploratory Analysis {#S0003-S2003}
--------------------

The mPFS varied among patients who received different combination regimens. Patients who received apatinib combined with paclitaxel achieved a longer mPFS (8.88 vs 6.62 months) compared with other combinations. For patients with ≤2 metastasis, the mPFS was 6.41 months, and for patients with \>2 metastasis, the mPFS was much shorter (3.62 months). Patients who did not experience apatinib treatment suspension achieved a longer mPFS than those who experienced treatment suspension (6.97 vs 4.41 months). Patients without metastasis achieved longer mPFS (7.27 vs 5.56 months) compared with those with metastasis. For patients who experienced apatinib-related AEs, the mPFS was longer (10.03 vs 3.32 months) compared with those who did not experience apatinib-related AEs. The subgroup analysis showed that the combination regimen, number of metastasis, treatment suspension and experience of apatinib-related AEs might be the factors that could affect the survival benefit. All the results are shown in [Table 4](#T0004){ref-type="table"}.Table 4Subgroup Analysis of mPFS in Combination TherapySubgroupn/NmPFS (95% CI) (Month)*p*-valueCombination regimen\<0.01Combined with paclitaxel60/3388.88 (5.00--14.34)Combined with other278/3385.62 (4.77--6.81)Metastasis0.02 \>239/3383.62 (2.37--6.81) ≤2150/3386.41 (4.87--8.45)Apatinib suspension0.01 Yes77/3384.41 (3.49--6.41) No261/3386.97 (5.69--8.45)Metastasis0.03 Yes195/3385.56 (3.91--6.97) No143/3387.27 (5.69--10.20)Apatinib-related AE\*0.01 Yes89/33810.03 (6.81--11.51) No130/3383.32 (2.70--4.14)[^3]

The multivariate backward Cox regression analysis were also conducted, and results showed that combination with paclitaxel (*p*=0.02) and experience of apatinib-related specific AEs (*p*\<0.01) were independent predictors for mPFS and mOS ([Tables 5](#T0005){ref-type="table"} and [6](#T0006){ref-type="table"}).Table 5Multivariate Analysis of mPFS in Combination TherapyParametersmPFSHR95% CI*p*-valueCombination with paclitaxel0.320.12--0.850.02Apatinib suspension1.210.75--1.950.43Dose adjustment0.690.39--1.220.21Chemotherapy history1.640.94--2.870.08Apatinib-related AE\*0.20.11--0.36\<0.01[^4] Table 6Multivariate Analysis of mOS in Combination TherapyParametersmOSHR95% CI*p*-valueCombination with paclitaxel0.260.08--0.920.04Initial dosage1.350.71--2.570.35Apatinib suspension1.220.69--2.170.49Dose adjustment0.590.30--1.190.14Metastasis number1.390.65--2.940.39Surgery history0.770.45--1.290.32Chemotherapy history1.910.95--3.810.07Apatinib-related AE\*0.170.08--0.36\<0.01[^5]

For patients who received the combination therapy of apatinib plus paclitaxel, 32 patients were treated with first-line treatment, 9 patients were treated with second-line treatment, and 5 patients with third-line and above treatment. In the first-line treatment, the ORR and DCR were, respectively, 18.75% (95% CI 7.21--36.43) and 93.75% (95% CI 79.19--99.23), and the mPFS and mOS were 8.14 months and 9.17 months, respectively. The 6-month PFS rate was 67.73% (95% CI 50.08--80.29) and 12-month PFS rate was 49.64% (95% CI 29.32--67.04).

Safety {#S0003-S2004}
------

A total of 574 patients experienced adverse events, the incidence of all adverse events was 73.59%, and the incidence of grade≥3 AEs was 18.97%. No unexpected AEs and SAEs were observed. The most common and apatinib-related specific grade≥3 AEs are shown in [Table 7](#T0007){ref-type="table"}. The incidence of grade≥3 AEs was similar between the apatinib monotherapy and combination treatment groups.Table 7The Incidence of Grade ≥3 AEsAdverse EventsApatinib MonotherapyApatinib Combination TherapyAnemia12(16.8%)17(12%)Thrombocytopenia6(5%)13(9.4%)Neutropenia8(6.4%)10(7.1%)Leukocytopenia3(2.4%)2(1.4%)AST increase3(2.7%)7(5.6%)Hypertension14(5.1%)7(2.9%)Proteinuria1(0.4%)2(0.9%)Hand-foot syndroms9(3.6%)3(1.4%)

Discussion {#S0004}
==========

This large-scale, real-world study added evidence for the effectiveness and safety profile of apatinib in patients with advanced gastric cancer. The results showed that in the real-world clinical setting, 54.9% of patients were treated with apatinib monotherapy and 45.1% with apatinib combination therapy. About 70% of patients received apatinib as the first-line and second-line treatment. In the first-line therapy, patients who received combination therapy achieved longer survival benefit than those who received monotherapy (mPFS 6.18 vs 3.52 months). In second- and third-line and above treatment, the combination regimen also showed a trend of better survival benefit. These findings indicated that apatinib combination therapy could extend survival, especially in first-line therapy.

In China, fluorouracil and cisplatin combination with or without a third drug were considered as standard first-line chemotherapy for advanced gastric cancer. Combination of paclitaxel and capecitabine showed a mPFS of 5.0 months in first-line treatment in advanced gastric patients.[@CIT0012] In the Chinese patient population analysis, the mPFS of capecitabine/cisplatin and 5-fluorouracil/cisplatin were 7.2 and 4.5 months, respectively.[@CIT0013] In another phase III study, docetaxel and cisplatin plus fluorouracil were compared with cisplatin and fluorouracil, and the median time to progression was 5.6 and 3.7 months, respectively.[@CIT0014] Compared to the regimens of cisplatin/S-1 and cisplatin/infusional, the mPFS of 4.8 months and 5.5 months were achieved, respectively.[@CIT0015] In our study, the mPFS was 6.18 months for apatinib combination therapy, which was similar with the results of double or triple chemotherapy. Previous studies revealed that anti-angiogenic drugs combined with chemotherapy showed significant positive effects on PFS and OS in gastric cancer patients.[@CIT0016] First-line treatment with bevacizumab combined with chemotherapy was associated with a longer mPFS compared with chemotherapy (6.7 vs 5.3 months).[@CIT0017] These results were similar with our study, suggesting that anti-angiogenic drugs plus chemotherapy in first-line treatment might lead to better survival benefit.

For second-line treatment for advanced gastric cancer in China, there was no standard recommendation except for mono-chemotherapy. Some clinical trials had shown that VEGFR-2 antagonist combined with chemotherapy could significantly improve survival benefit compared with chemotherapy alone in the second-line treatment. A phase III study showed that mPFS with ramucirumab plus paclitaxel was significantly longer than placebo plus paclitaxel (4.4 vs 2.9 months).[@CIT0018] Another study showed that patients who received ramucirumab monotherapy achieved a mPFS of 2.1 months in second-line treatment.[@CIT0019] In a study of apatinib in combination with chemotherapy as second-line, progression-free survival was 3.72 months.[@CIT0020] In our study, the mPFS was 5.33 and 6.42 months in apatinib monotherapy and combination therapy groups, respectively, which was better than the results of ramucirumab and previous study of apatinib, suggesting that apatinib monotherapy or combined with chemotherapy might be a treatment alternative for second-line treatment. For third-line treatment, apatinib monotherapy had been the standard treatment recommended by the guideline in China based on the results of the phase III trial of apatinib, which showed that heavily pre-treated patients who received apatinib monotherapy achieved a mOS of 6.5 months and mPFS of 2.6 months and the mediation analysis found the prolonged progression-free survival of apatinib could mediate overall survival of patients.[@CIT0010],[@CIT0021] In this real-world study, the mPFS was 4.47 months and mOS was 6.51 months in apatinib monotherapy as third-line treatment, which also further validated that even in heavily pre-treated patients, apatinib monotherapy could really bring survival benefit in clinical practice. In addition, several previous studies have shown that apatinib combination therapy markedly increased the DCR and prolonged the PFS compared with chemotherapy alone in gastric cancer patients who failed first-line treatment.[@CIT0022],[@CIT0023] However, the combination regimen of second- and above-line treatment in our study only exhibited a trend of better ORR, DCR and survival outcomes, and no significant difference was identified, which might be explained by the heterogeneity of the large sample sizes in a real-world setting.

Taxanes were considered as alternative first-line and second-line chemotherapy options, and paclitaxel showed good efficacy and tolerance. In the subgroup analysis of this study, apatinib combined with paclitaxel showed obviously prolonged mPFS compared with other chemotherapy (8.88 vs 5.62 months). The multivariate analysis also confirmed that combination with paclitaxel was an independent factor for PFS and OS, which indicated that patients who received apatinib plus paclitaxel therapy could benefit from longer mPFS. The prolonged mPFS and mOS in apatinib combined with taxel/docetaxel regimen might be explained by the fact that apatinib significantly increased the intracellular accumulation of substrate drugs by reversing the multidrug resistance.[@CIT0024] Additionally, a retrospective study had shown that early presence of anti-angiogenesis-related AEs including hypertension, proteinuria, or hand and foot syndrome during the first cycle of apatinib treatment were viable biomarkers of antitumor efficacy in patients with metastatic GC.[@CIT0025] Consistently, the results of the multivariate analysis in this study showed that the occurrence of apatinib-specific AEs were independent factors for longer PFS and OS.

A total of 574 patients reported adverse events, the incidence of all adverse events was 73.59%, and the incidence of grade≥3 AEs was relatively low. No unexpected AEs were observed. These results showed the good safety profile of apatinib when used in real-world clinical practice. In this study, PFS but not OS was analyzed as the primary end point due to the limited follow-up time and challenged data collection from the large sample sizes and real-world setting.

Conclusion {#S0005}
==========

This prospective study demonstrated that apatinib had a favorable effectiveness and safety profile in patients with advanced gastric cancer. In a real-world clinical setting, apatinib was used as monotherapy or combination with chemotherapy, and was also used in first-line and second-line treatment. In first-line treatment, apatinib combination therapy, especially combined with paclitaxel, might lead to better survival benefit. In second-line treatment, apatinib monotherapy or combination with chemotherapy might be an alternative treatment. Although apatinib has been recommended as third-line standard treatment, this study further confirmed that apatinib monotherapy as third-line regimen could really bring survival benefit. Combination with paclitaxel and the occurrence of apatinib-specific AEs were independent factors associated with better survival outcomes. Further well-designed studies with larger sample sizes will be needed to confirm the results, and specific treatment regimens also need further exploration.
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